This paper studies dynamic responses of employment and GDP growth to a permanent, unitary shock in the housing capital stock for the Spanish economy. It quantifies the importance of this variable in the boom experienced by the Spanish economy during the pre-crisis years. Results confirm that building industry has been the most important engine for output and labour growth.
I. Introduction
According to BBVA-IVIE new data set on Spanish capital stock, the housing capital stock in 2005, last year available, represented a 45.37% of the total capital stock.
High borrowing capacity from Spanish families, low interest rates and a kind of "animal" preferences for bricks have been the explanations given for the boom in the demand for houses.
During the last decade, there has been a high development of the building industry, allowing for unemployment rates never seen before in Spain, lower than 10%. The profession wisdom is that the building industry has been "The Engine" of the Spanish economy during this period.
The story looks likely but disaggregated econometric estimations of the effects of housing capital stock are scarce. While the effects of infrastructure capital stock or investment has been largely studied since Aschauer (1989a Aschauer ( , 1989b until Pereira and Flores (1999) , Pereira (2000) , or Andraz (2005, 2010) in this decade, for the Spanish economy, econometric analysis on the effects of housing capital stock are difficult to find.
In this paper, the dynamic effects of housing capital stock on the Spanish employment and GDP growth are estimated. Thus, the hypothesis of building industry being the main engine for growth is evaluated.
To suit the current problem, the conceptual framework used in Flores et al (1998) is modified. These authors evaluated the effects of public capital stock (PK) on employment (L) and GDP (Y) growth, for the Spanish economy. They showed that when studying the dynamics effects of a variable (PK) on a set of others (L and Y) it is not necessary to build a complete dynamic structural model, but only a conveniently orthogonalized reduced form of it.
To find this reduced form is feasible if the contemporaneous correlations, between the variable whose effects have to be studied (PK) and the rest (L and Y) can be interpreted as instant causal relationships going in a particular direction. Such a procedure has the advantage of imposing just a minimum amount of assumptions on the model structure, avoiding the risk of dynamic misspecification. The goal is to avoid unnecessary, a priori, constrains on the statistical properties of data, due to an unnecessary constrained theoretical model.
The conceptual framework proposed in Flores et al (1998) allows for nonstationary time series, co-integration relationships, and any kind of dynamics including feedbacks relationships.
The rest of the paper is organized as follows. Section II shows the new version of the theoretical framework. Section III presents the time series used, their statistical properties and the empirical estimation of the theoretical model. Section IV discusses the impulse response functions (IRFs) of output and employment. Finally, Section V provides the concluding remarks.
II. Theoretical Framework
The framework used by Flores et al (1998) The vector of lowercase variables w , , , represents the vector of firstdifferenced logged variables of W . As it is shown later in this paper, w t it is a vector of integrated variables of order 1, I(1) variables. The objective is to estimate the IRFs of and to a permanent unitary shock in .
Those IRFs can be obtained from the dynamic structural equations set, represented in compact notation, by:
where:
 Π B is a polynomial matrix 1 in B, the lag operator:
Whose elements are 4 4 coefficients matrices.
 a is a 4 1 vector of structural shocks, which follows a white-noise vector process, with a diagonal contemporaneous covariance matrix Σ .
Alternatively, and assuming invertibility, (1) can be expressed as:
With each ψ being a 4 4 coefficients matrix.
The IRFs of to a shock in would be given by the sequence of coefficients, in position (1,4) of ψ , ψ , ψ , …. matrices. Thus, the IRFs of to a shock in would be represented by the position (2,4) in the sequence of matrices ψ , ψ , ψ , ….
To estimate ψ B in a consistent manner, the exact identification of Π , is needed. That is, it is necessary to be able to pass, biunovocally, from (1) to (3):
with:
That is, Π B can be estimated if there is only one matrix which diagonalizes Σ, that is Π , .
Equation (3) is the nonstationary VARMA process for the I(1) vector of variables in , which can be approximated by a finite VAR(p) process. The process (3) can be estimated directly from the data set, using standard techniques.
The matrix Π , can be estimated from the estimation of Σ as long as there are enough restrictions on it. Once Π , has been estimated, Π B can be obtained from:
Finally, the estimates of the IRFs can be obtained from:
The key in order to find the responses of and to a shock in consists in introducing enough restrictions in Π , for this matrix to become the particular matrix able to diagonalize Σ.
Each coefficient in Π , represents the instantaneous structural response of a variable to a shock in other variable included in w t . However, for our purpose, the complete identification of Π , it is not necessary, that is, it is not necessary to identify every element in a .
In w it can be distinguished two types of variables, vector z , and vector k , . The vector k is made on variables more rigid than variables in z ; that is, z variables responses are faster than responses of k . It seems reasonable to think that a shock in k (in period t) would have both instantaneous and lagged effects on the variables in z . However, a shock in period t in any variable of z would only cause lagged responses of k variables. It means that k variables need time to react to changes in or .
Thus, k levels are determined by past values of z , while z values are determined by past and present values of k .
Formally, the behaviour of vectors z and k can be represented as:
Where v B and v B are 2 2 matrices of stable transfer functions:
Each transfer function in ν B representing the unidirectional response function of each variable and to shocks in k .
At the same time, k variables have different yield. It is reasonable to consider that other than housing capital infrastructures takes longer to react than housing capital infrastructures .
The housing capital stock will react instantaneously (in the same year) to changes in other infrastructures and will continue reacting to those changes over several years. However, other infrastructures will only present lagged reactions to changes in housing capital stock, i.e. they would not react in the same year. Thus, shocks in housing capital stock will produce changes in other infrastructures such as highways, railways etc. But those changes will take place from the second year onwards, not in the same year in which the shock in housing capital stock is produced. It is important to note that the empirical analysis will show that no significant contemporaneous correlations between these variables are found, and therefore, this assumption will not be necessary.
This idea in mathematic notation can be represented as:
with
Where P K 1 0 β 1 is the diagonalization matrix for Σ and β is the slope in regression (13).
Taking into account this assumption (10) would be:
or
Equations (9) and (15) in compact notation would be:
This model is similar to (1), the difference between them is the dependence of the variables in α , that is the non diagonal character of Σ . However it will be possible to estimate the responses functions of each one of the elements of z to a shock in .
Model (16)- (17) in compact notation would be:
Since Π 0 I ν 0 P I, the stochastic multivariate model (16) is not normalized in the sense of Alavi (1981) . However, it can be normalized by pre-multiplying (18) by Π 0 :
where (20) is equal to (3) with
Estimating (3) and its corresponding instant variance-covariance matrix, it allows to estimate in a consistent manner all the parameters in (18) and (19) 2 , that is, Π B and Σ which are similar to model (1); and from them, the IRFs. Positions (1,4) and (2,4) of the polynomial elements in (22) will give the response functions of and , respectively.
In the following section, expressions (20) and (23) are estimated.
III. Estimation of the Theoretical Model.
The Data Results show that all variables are I(2). The absence of MA terms from univariate models suggest that none of the series seems to be over differenced.
Cointegration. Johansen (1988 Johansen ( , 1991 and Granger and Engel (1987) methods were used to study the presence of cointegration relationships among the set of I(1) variables , , , .
Results suggest that there is only one cointegration equation ξ , which involves production and employment growth rates.
.
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Cointegration equation ξ can be interpreted as a stable or equilibrium positive relationship between production and employment growth rates, where the disequilibrium in each period t is measured by ξ . Table 2 
Estimation of the Multivariate Model

presents the estimated model (20). Akaike information criterion (AIC)
4 suggest a VAR(3) process. VEC(2), on twice differenced variables, has been jointly estimated by Generalized Least Squares (GLS). Its corresponding VAR(3) representation appears in Table 2. All non significant parameters have been constrained to be zero. The estimation of equation (6) As there are no significant correlations between the housing capital stock and the complementary capital stock, P I, thus Equation (15) is:
From the estimation of Equation (6) Table 3 shows dynamic relations among all the variables. As it has been explained in Section II, IRFs can be obtained from the reduced form of model (18) in Table 3 (Equation (2)). By adding up the IRFs, the corresponding Step Response Functions (SRFs) are computed. Table 4 shows the computed responses of output, employment, complementary capital stock and housing capital stock, in percentage points, for each of the following 20 periods, to a permanent, one percentage point increase in the level of housing capital stock. Bootstrap bounds at 80% confidence level are also provided. Results can be summarized as follows:
IV. SRFs From the Orthogonalized Reduced Form.
1. Output responds to the shock with a lag of one year. The response is positive, a permanent increase in the level of the housing capital stock, leads to a permanent increase in the level of output. This new level is approximately achieved two years after the shock, so it could be said that it is a fast response. The elasticity is not constant over time, two years after the shock the elasticity of output is 0.43 (0.92/2.15) and it decreases to 0.29 (0.92/3.15) nine years after the shock, when it keeps constant. Thus the long-run elasticity can be estimated about 0.29. 2. Employment reacts more quickly than output, it does it instantaneously. Its response is also positive with a long-run level increase of 1.92 percentage points. This level is attached from the very beginning, however, in order to keep this level, investment in housing capital stock must continue until the housing capital stock to reach its equi-librium level (3.15 percentage points over the initial level). Thus, the short-run elasticity decreases from 1.92 at year 1 (the year of the shock) to 0.61 at year 10 (nine years after the shock). Then it keeps constant. 3. No effects on complementary capital stock have been detected. According to this finding both types of capital stocks seems to move independently. The huge aids coming from the European Union together with the well-known "animal preferences for brick" of the Spanish people could be behind this strange result. 4. Effects on production and employment have also feedback effects on housing capital stock. Its equilibrium level is estimated to be two percentage points over the level at the end of the second year. That is, without any feedbacks, the equilibrium level of the housing capital stock should be just one percentage point over the initial one; however, its actual estimated equilibrium level is two percentage points over that.
During the period 2000/05, the levels of output, net employment and housing capital stock grew 16.76%, 22.4% and 19.93%, respectively. Using the long-run elasticity estimated above (0.29 for output and 0.61 for labour) the growth in housing capital stock is responsible for the 54.27% of net employment increase and the 34.48% of the registered output growth in that period. These figures show the importance of housing as one of the most important engines of growth for the Spanish economy.
V. Summary and Concluding Remarks
The importance of housing investment in the past Spanish economic success has been assessed by many economists. However, to find disaggregated econometric estimations of its importance is difficult. This paper deals with this problem and proposes a general conceptual framework for estimating the responses of output and employment to a permanent, one percentage point increase in the level of the housing capital stock.
This conceptual framework has the advantage that does not constrains the statistical properties of the time series used, as well as allows for estimating the structural response functions required in this case. One assumption has been necessary, related with the causal interpretation of possible existing contemporaneous correlations among two sets of variables: output plus labour on one side, and housing capital stock plus complementary capital stock on the other. It has been assumed that both, output and labour can react instantaneously to a shock in any variable of the second set, but none capital stock can react instantaneously to a shock neither in output or labour. None lagged reaction is constrained on a priori grounds. This only assumption is enough for identifying the structural response functions of output and labour.
Using data for the Spanish economy (1977/05) and standard vector error correction models methodology it has been possible to estimate the importance of the housing capital stock in the recent Spanish economic growth. The results reveal that more than 54% of net employment created by the Spanish economy, during the period 2000 to 2005, could be caused, directly and/or indirectly, by housing investment. Also, more than 34% of output growth accounted in the period could be attributed to the same fact.
Data support the importance of the Spanish housing investment in explaining the recent, fast growth of the unemployment rate in this economy. Will it be possible for Spain to grow without the help of this important sector? The answer is probably no, at least, in the short or medium term. 
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